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Thinking about steelhead life history
• Why mature as resident?

• Avoid ocean mortality
• Potentially easier iteroparity

• Why smolt and emigrate?
• Much larger size > higher reproductive success

• Why take action when young?
• Less cumulative risk of mortality in stream

• Why take action when older?
• Larger size at spawning = higher reproduction
• Larger size at emigration = higher survival
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Model algorithm – growth/mortality tradeoff
• “Decision windows” well in advance of completing 

physiological transformation
• Assess current size and potential for future growth as 

parr
• Assess expected fitness if smolt/mature at current size
• Compare with expected fitness of growing to a larger 

size and making an optimal decision in the future
• (discount for mortality)
• Model currently developed for females
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Model Inputs
• Survival (freshwater, migration, ocean)

• Primarily literature values + sensitivity analyses
• Seasonal variation can be accommodated

• Growth (as a model input, or submodel)

• Energy balance, optimal foraging
• Temperature dependencies and allometries from literature, gut 

capacity and BMR from lab fits
• Food availability 

• Fecundity
• Size-egg relationship, kelt rate
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Model Outputs
• Direct

• Smolt “decision” as function of size, growth rate
• Maturity as function of size (emergence), growth
• Relative fitness for alternate pathways (strength of 

selection)
• Emergent

• Size/growth threshold for smolting
• Distribution of life histories in a population
• Geographic patterns in life histories
• Selective/demographic consequences of environmental 

change
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Maturity thresholds
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Prediction:  Little/no residency on Scott Creek or American River
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Smolt thresholds
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Model Predictions and Validation
• Validation to date has largely been ability to reproduce 

geographic patterns (TAFS 141:747)
• Older anadromous fish on Scott Creek (TAFS 138:

532), mix of life histories on Mokelumne, anadromy 
only on American (Evol App 3:221)

(Alternate explanations of course exist)
• Larger size threshold valley vs. coast (TAFS 139:1263)
• Individual life histories for Scott Creek (TAFS 141:781)
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Size-dependent individual movements – Scott Creek

• Empirical data on 
population-level 
distribution of life 
histories generally 
consistent with model 
predictions, Scott Creek 
individual movement 
behavior not.
• In response, developed 
model with 
weekly movement 
decisions: 
upstream, lagoon, ocean
• Applicable to estuary 
use in other 
systems/species

TAFS 141:781-794
MEPS 511:237

Downstream Movement

Lagoon Use



Predicting Effects of Changing Environment
• Short term: compare new growth vs. old thresholds (no 

LH response to survival changes, but can quantify 
demographic costs)
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Predicting Effects of Changing Environment
• Short term: compare new growth vs. old thresholds (no 

LH response to survival changes, but can quantify 
demographic costs)

• Long term: new thresholds may evolve

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 13



Future Directions, Elaborations
• Refine functional relationships between temperature, flow, 

food, and growth
• Model effects of environmental change, management on 

survival & LH expression
• Join with external models of growth/survival?
• Benjamin et al. TAFS 142, Boughton et al. TAFS 144

• Probabilistic Reaction Norms
• Evolutionary dynamics, explicit genetics and heritability

• GUI development by WCR (R code freely available)
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Questions?
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NOT currently Model Inputs
• Effects of temperature on smoltification physiology
• Direct behavioral responses to flow, temperature
• Cascading ecosystem responses
• Explicit modeling of heritability, genetic constraints

• Lots more…
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Dynamic State Variable Model
• F(l,g,e,t)

• F: expected lifetime fitness (eggs produced)
• l: size
• g: developmental switch, maturity
• e: developmental switch, smolting
• t: time

• l’(l,g,e,t) – expected future size at time t+1
• s(t) - survival to time t+1
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Dynamic State Variable Model
• Spawning

• F(l,1,0,T)=Rr(l)
• F(l,1,0,t)=Rr(l)+s(t)F(l’(l,1,0,t),1,0,t+1)

• Emigrating
• F(l,0,1,t)=S(l)Rs

• Updating outside windows
• F(l,g,e,t) =s(t)F(l’(l,g,e,t),g,e,t+1)

• Decisions
• F(l,g,e,t) =maxg,e s(t)F(l’(l,g,e,t),g,e,t+1)
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Addressing Uncertainty – Sensitivity Analyses

Evol Apps 3:221-243


